Abstract The sorption of caesium by T-55 sorbent from different types of liquid radioactive wastes is studied. It is shown that the sorbent can be used for extraction of caesium from high level acidic and saline solutions and also for decontamination of caesium contaminated waters containing surfactants and EDTA.
Introduction
Accumulation of considerable amounts of various level liquid radioactive wastes (LRW) results from radiochemical treatment of irradiated nuclear fuel (INF). Such longlived radionuclides as 137 Cs (its contribution to overall gamma activity of 5 years old INF is approximately 95 %) and 90 Sr make the major contribution to specific activity of LRW. The major part of high level LRW accumulating due to PUREX-process, are high level acidic or high saline raffinates, containing up to 8 mol L -1 HNO 3 or NaNO 3 . Radioactive contaminated special sewer water containing surfactants and also solutions after deactivation containing complexing agents [substantially ethylene diamine tetraacetate (EDTA)] have the most importance in practice of low level LRW treatment.
T-55 sorbent was developed by Radiochemistry and Applied Ecology chair of UrFU (Russia) for extraction of caesium from various aqueous media [1, 2] . This sorbent is a thin-layer nickel-potassium ferrocyanide spreaded via chemical manipulations on the surface of commercially available granulated hydrated titanium dioxide (''Thermoxid-5''). The chemical composition of T-55 sorbent, obtained via X-ray fluorescence analysis, is presented in Table 1 .
As it was shown in works [1, 2] , T-55 sorbent is able to efficiently separate caesuim from water: distribution coefficient is up to 10 5 -10 6 mL g -1 , sorption capacity is up to 270 mg g -1 . Previous researches have also shown the high efficiency of using of this sorbent for extraction of caesium from fresh water containing analogue cations (Na ? , K ? , NH 4 ? ) [3] , and also the possibility of immobilization of radionuclides with very low leaching rates [4] .
The sorption of caesium by T-55 sorbent from various types of LRW subject to concentrations of various contaminants in solution is studied in this work. Cs. Studies of caesium sorption were performed under static conditions; the following parameters were used: solution volume V = 50 mL, sorbent weight m = 20 mg, time t = 1 week. Determinations of caesium concentration were performed via radioactive-tracer technique using 137 Cs.
Experimental
Samples were measured via beta-radiometry using low background alpha-beta-radiometer ''UMF-2000'' with semiconductor detector. pH of solutions were measured on pH-meter 'Satorius PB-11'. Analytical balance 'Shimadzu AW-220' (max. weight 220 g, d = 0.1 mg) was used for weighting.
The results of static experiences are presented as curves in coordinates ''lg K d -concentration of added compound in solution'', where lg K d is logarithm of distribution coefficient (mL g -1 ) that is to be found in accordance with equilibrium (1):
where S is sorption degree (dimensionless quantity), V is volume of solution (mL), m is weight of sorbent (g). The values of sorption degree were calculated according to equilibrium (2):
where I in is count rate of initial solution (after deduction of background), cpm; I end is count rate of solution after sorption (after deduction of background), cpm. The isotherm of caesium sorption is presented as curve in coordinates ''lg C solid -lg C liquid '', where lg C solid is logarithm of concentration of caesium in solid phase (g/g) and lg C liquid is logarithm of concentration of caesium in liquid phase (g/L). Infrared spectra (IR-spectra) of sorbent samples, saturated under static conditions by caesium from solutions containing 0.03 mol L -1 EDTA and various amounts of caesium, were obtained. Measurements were performed in KBr disk on IR-Raman-Spectrometer 'Vertex-70' with add-on device RAM-II, Bruker, Germany.
Results and discussion
The dependences of distribution coefficient of caesium on pH of solution was studied (Fig. 1a) . As it was shown there is no any decrease of distribution coefficient of caesium over pH interval from 1 to 10.
The dependence of distribution coefficient of caesium on concentration of HNO 3 is shown on Fig. 1b . When the acidity of solution increases the distribution coefficient of caesium smoothly decreases from 3.8 9 10 4 mL g -1 (neutral solutions) to 3.7 9 10 3 mL g -1 for 3 M HNO 3 and remains almost stable under further increase of acidity. This allows to use T-55 sorbent for extraction of caesium from solutions with concentration of HNO 3 up to 7 mol L -1
. The dependence of distribution coefficient of caesium on concentration of NaNO 3 is shown on Fig. 1c . The increasing of NaNO 3 concentration up to 0.11 mol L -1 leads to decreasing of caesium distribution coefficients due to competitive sorption of sodium. Under higher NaNO 3 concentrations (up to 3.5 mol L distribution coefficient doesn't depend on EDTA concentration at all studied concentrations and is on the order of 10 2 mL g -1 . The isotherm of caesium sorption from solutions containing 0.03 mol L -1 EDTA is presented on Fig. 3 . After sorption under low caesium concentrations up to 1 mg L -1 (7.5 9 10 -6 mol L -1 ) authors visually observed changes of colour of sorbent, probably due to chemical transformation of ferrocyanide phase of the sorbent, that is additionally corroborated by IR-spectra of samples of the sorbent (see Fig. 4 ; double absorption peak in the range of 2,000-2,200 cm -1 corresponds to ferrocyanide phase), saturated by caesium from solutions containing 0.03 mol L -1 EDTA and various amounts of caesium. As we have shown earlier [2] , absorption peaks at 2,060 and 2,092 cm -1 correspond to free ferrocyanide-ion including ones from R 4 Fe(CN) 6 , that presents on the surface and in porous space of T-55 sorbent. Evident correlation between intensity of absorption peak corresponding to ferrocyanide in T-55 sorbent before and after caesium sorption and initial concentration of caesium in solution.
Thus, almost complete disappearance of these absorption peaks was observed under concentration of caesium at 10 -5 mg L -1 and dramatic decreasing of their intensity at 1 mg L -1 . These phenomena are connected with dissolving of R 4 Fe(CN) 6 , crystallized in porous space and probable dissolving of phase of mixed nickel-potassium ferrocyanide. Last process can be conditioned by forming of stable complexes of EDTA with nickel (logarithm of stability constant lg R 1 = 18.62 [5] ) and iron (II) (lg R 1 = 14.20 [5] ) and should be described in accordance with equilibrium (3):
Suppression of chemical transformation of ferrocyanide phase of the sorbent under concentration of caesium higher than 1 mg L -1 can be explained by the following. Thermodynamic stability of nickel-caesium ferrocyanide appears higher than stability of complexes of EDTA with nickel and iron (II) and very rapid kinetics of sorption allows to form nickel-caesium ferrocyanide before initial ferrocyanide phase disappears. In spite of indubitable partial dissolving of sorption-active phase, sorption isotherm has the appearance of Langmuir isotherm and calculated distribution coefficient of caesium in Henry region is 10 (4.4±0.7) mL g -1
. Peculiarities of behaviour of sorption processes in different concentration ranges can be explained by different chemisms of sorption as T-55 is polyfunctioning sorbent.
Conclusions
Results of researches have shown that T-55 sorbent can be efficiently used for extraction of caesium radionuclides from high level acidic (up to 7 M HNO 3 ), saltiness (up to 10 g L -1 NaNO 3 ) solutions and also from contaminated waters containing surfactants (up to 1 u/k) and EDTA (up to 0.05 mol L -1 ). Thus, T-55 sorbent due to its high specificity, selectivity and chemical stability can be efficiently used for decontamination of wide spectrum of LRW from caesium radionuclides.
